Continuous virus production is a characteristic of chicken embryo fibroblasts (CEF) infected and transformed by a nondefective Schmidt-Ruppin subgroup A Rous sarcoma virus. This virus production has been examined with particular attention to the amount of newly budded virus which remained cell-associated, and to the amount and degree of viral aggregation at the cell surface and in the fluid tissue culture medium. The total biologically active virus associated with a Schmidt-Ruppin subgroup A Rous sarcoma virus-infected CEF culture was divided almost equally between that portion of virus which was present, in the fluid medium and that portion which was cell-associated. 
The question of the role of virus production and release in the growth of virus-caused tumors is an important aspect in our understanding of the characteristics of these malignancies. It has previously been shown that chicken embryo fibroblasts (CEF), subsequent to infection by Rous sarcoma virus (RSV), do not form continuous cell lines and, in fact, possess a shorter life span in vitro than the normal CEF, from which they were derived under certain cultural conditions in contrast to other malignant cells (17) . Also, it has been shown that tumor production and proliferation in vivo is primarily dependent upon recruitment of normal host cells by infection of adjacent cells through the release of virus by the tumor cells (13, 16, 17) . A possible reason for the limited life span of these tumor cells in vitro, and possibly in vivo, could be the continuous production of virus, which involves not only the added cellular burden of synthesis of viral components but also the constant replacement of cellular cytoplasmic and membrane constituents which are lost as the virus buds from the cell (10) . These interesting characteristics of this malignant cell in vitro are the subject of this investigation.
The rate of virus production by CEF infected and transformed with a helper-independent strain of RSV was studied, taking into consideration the cohesion of virus to the cell surface to assess true virus production. Viral aggregates both at the cell surface and free-floating in the tissue culture fluid were dispersed to accurately measure the virus content.
Along with the establishment of unrestricted growth potential, oncogenic transformation. by other tumor viruses of cells in vitro has usually been associated with an increased plating efficiency of the transformed cell as compared to the normal cell. It was therefore of interest to RSV-INFECTED CHICKEN EMBRYO FIBROBLASTS assess the capacity of RSV-transformed CEF to form clones in vitro in comparison with their normal counterparts. The avian leukosis-sarcoma complex provides an ideal system to study the virus-cell interactions as they relate to the growth capacity of infected cells, since cell transformation is rapid and virus titration methods are accurate. Also, the effects of virus production can be separated from cellular transformation when CEF are infected by a nontransforming leukosis virus (Rous associated virus), in contrast to infection of CEF by a sarcoma virus of the same subgroup that provides a cell which is producing virus and which is transformed. Finally, infection of CEF by the appropriate temperature-sensitive mutants of RSV allows one to selectively study virus production with or without celular transformation, depending on the temperature of incubation. Cells. CEF were cultured from embryonated eggs obtained from R. E. Luginbuhl (University of Connecticut, Storrs, Conn.) and were supplied by the special Virus Cancer Resource Program (National Cancer Institute, Bethesda, Md.) as previously described (11) . All cell cultures were maintained in growth medium consisting of nutrient mixture F-12 and saline G (3) supplemented with 10% tryptose phosphate broth, 8% newborn calf serum, and 2% chicken serum. Usually, cells growing on culture dishes were infected directly by incubating the cells with a virus inoculum, including diethylaminoethyldextran, for 1 h at 39 C (5). Cultures to be used for the determination of virus production rates were maintained in culture for 10 days to insure uniform infection and transformation prior to use. On the other hand, cells to be used for cloning experiments were infected at 4 C while in suspension for 1 h and were cloned, immediately after infection and 4 days after infection, in culture.
Transforming virus and the percentage of cells within a population, which were previously infected and transformed, were also assayed by previously reported methods (24) . To assay the presence of RAV-1, the nontransforming virus, susceptible firstpassage CEF were infected with several dilutions of RAV-1 and, 7 days later, these cells were challenged with a standard inoculum of the Bryan strain RSV(RAV-1) (20) . Viability of cells to be plated for cloning experiments was determined by counting, with the use of the erythrosin-B exclusion technique previously reported (15) .
It has been found that the viral budding process ceases when the temperature at which virus-producing cells are incubated is lowered just a few degrees below 37 C (personal communication, G. de The-); this was confirmed by experimental tests. To insure the cessation of viral budding, at the beginning of an experimental protocol cultures to be analyzed for viral production rates were chilled to 7 C for 20 min.
Cloning normal and infected cells. Portions (0.2 ml) containing 100 viable normal CEF or 400 viable infected cells were dispensed in 60-mm plastic tissue culture dishes containing 5.0 ml of cloning medium. Cloning medium was comprised of equal volumes of fresh F-12 growth medium and the conditioned medium previously exposed to normal CEF (21), along with viral strain-specific antibody to a final dilution of 1:50 to prevent the spread of virus infection in the culture.
Staining and counting attached cells. A duplicate set of plates was prepared at the time of cloning to determine the number of cells in the cloning inoculum which attached to culture dishes within 24 h of plating. Attached infected and normal cells were fixed in situ for 10 min with the addition of 0.1 ml of formaldehyde solution to the growth medium. After the cells were rinsed in a stream of distilled water, they were stained with 3.0 ml of Delafield hematoxylin solution and counted with the aid of a microscope.
Soft agar culture. SR-RSV-A-infected cells were grown as colonies in soft agar according to methods previously reported (7) .
Releasing The nature of the association between virus and transformed cell surfaces. Since the amount of cell-associated virus contributed significantly to the total amount of virus produced by SR-RSV-A-infected and transformed CEF, the tenacity with which this virus was bound to cell surfaces was investigated. Cultures were chilled to prevent further virus replication and release, and then they were studied for virus content. First, a determination of the amount of virus which could be removed from cells by simply washing the infected cell sheet was made. This was accomplished by adding 3.0 ml of tris (hydroxymethyl)aminomethane (Tris) A buffer (pH 7.4) to each of two duplicate plates, which was assayed for virus content with and without sonic treatment. Cell sheets were washed with Tris A three times.
To determine the amount of virus still adhering to the same cells, they were exposed to three cycles of trypsin treatment (0.25% wt/vol), as this enzyme has been previously shown by Allen (1) to release virus adhering to cells. Portions (3.0 ml) of the 0.25% (wt/vol) trypsin was added to each of two cultures, and suspended cells were placed in a 37 C water bath for 10 min. The proteolytic activity of the enzyme was stopped by the addition of soybean trypsin inhibitor. The cells were removed from suspension by centrifugation, and a portion of the supernatant was removed for viral assay with and without sonic treatment. The remaining supernatant was decanted and fresh, and prewarmed trypsin was used to resuspend the cell pellet, initiating another cycle of trypsin treatment.
Finally, any virus which remained cell-associated after three washes with Tris A and three cycles of trypsin treatment was released by sonically treating the remaining cells. The composite results of two representative experiments are presented in Table 1 . The data indicate that washing the cells with Tris removed significant amounts of virus, but that subsequent trypsin treatments released more firmly bound virus; with both of these treatments, significant amounts of virus remained firmly bound to the cell. Furthermore, the virus was released in aggregates since sonic treatment resulted in a significant enhance-. ment of the titers. However, since only a maximum of 65% of the total cell-associated virus could be recovered, significant viral inactivation must have occurred during the experimental manipulations.
Longevity studies. Since some insight had been gained into the true rate of virus production by CEF infected and transformed by SR-RSV-A, the effect of continual virus production on cells infected with a transforming virus and a nontransforming virus (RAV-1) was assessed. (i) Cloning SR-RSV-A-infected cells. Firstpassage CEF exposed to SR-RSV-A at high multiplicities of infection at 4 C were cloned immediately after infection and 4 days after infection, since cloning immediately after infection should allow time for clonal development before the infected cells became transformed, whereas cloning 4 days after infection would allow time for transformation to occur before the cells were tested for their capacity to form clones.
Normal CEF cloned with higher efficiency than did the SR-RSV-A-infected cells when cloned immediately after infection (Table 3) . By 4 days after infection, the difference in cloning efficiencies was even more striking. Surprisingly, the cells within the infected clones had the same morphology as the cells within clones of normal cells, indicating that morphological transformation had not occurred in cells successfully growing as clones. It seemed possible, therefore, that the cells from the infected cultures which cloned were themselves not infected. However, several individual clones, all with normal cellular morphology, were isolated Table 3 . In all cases, the infected cells attached to culture dishes as efficiently as normal cells, independent of' whether the experiment was performed on the day of infection or 4 days after infection. Therefore, the poor cloning efficiency of' infected cells was not due to an inability of the infected cell to attach to culture plates.
(ii) Cloning RAV-l-infected cells. It was important to know whether or not the failure of infected cells to clone was due to the continuous production of' virus; therefore, the same cloning procedure was employed with cells infected with RAV-1 ( (6); however, the ts-68-infected cells produce virus at both 37 and 41 C. Furthermore, the virus produced at either temperature was capable of' transforming susceptible cells at 37 C. Therefore, transforming virus production was constant in ts-68-infected cells, and transformation would be regulated by changing the temperature at which the infected cells were incubated. At the time of cloning, either immediately after infection or 4 days after infection, duplicate plates of infected and normal cells were incubated at 37 and 41 C. In the 4-day interval, the cells for the test were incubated respectively at 37 and 41 C also. The results of two such experiments are presented in Table 4 . On the day of infection, ts-68-inf'ected cells incubated at 41 C cloned with essentially the same efficiency as normal cells also incubated at 41 C, whereas ts-68-infected cells cloned with somewhat lower efficiency than did normal cells at 37 C. When cells were cloned at 41 C 4 days after infection, the ts-68-inf'ected cells cloned almost as efficiently as normal cells. However, the cloning eff'iciency of' ts-68-inf'ected cells cultured at 37 C dropped dramatically when compared to normal cells grown at 37 C and ts-68-infected cells grown at 41 C. As in the cloning experiments with SR-RSV-A, the decrease in cloning efficiency of ts-68-infected cells incubated at 37 C was correlated with an increase in experiment II in the number of cells registering as infectious centers after infection, but not in experiment I where the initial rate was already 97wk. The a Normal cells (100) and RSV ts-68-infected CEF (400) were plated on the day of infection and 4 days later. Four plates of normal CEF and four plates of RSV ts-68-infected CEF were incubated at 37 or 41 C, respectively. Seven days after plating, the clones were counted on four plates each.
b Normal (100) and ts-68-infected CEF (400) were plated on the day of intection and 4 days later. After plating (24 h), the cells were fixed, stained, and counted.
c Infectious center assay (ICA) plates containing feeder layers of normal CEF were plated with either 25 or 50 RSV ts-68-infected CEF on the day of infection and 4 days later and were overlaid with agar containing medium. After 7 days of incubation at 37 C, the infectious centers were counted.
essentially the same regardless of the temperature of incubation.
The 41 C, and it was tested for its capacity to form foci at 37 and 41 C. Even at high viral concentrations no foci developed at 41 C. Therefore, reversion to wildtype virus was ruled out as a probable cause for the somewhat reduced cloning capacity of ts-68-infected cells incubated at 41 C.
As was the case with SR-RSV-A-infected cells, the few clones that did develop from ts-68-infected cells at 37 C were all of normal cellular morphology. Furthermore, all clones tested produced infectious transforming virus.
DISCUSSION
Since it had been previously shown that large aggregates of virus become associated with the surfaces of CEF subsequent to infection and transformation by members of the avian leukosis-sarcoma complex (12) , it was of interest to investigate the contribution of cell-associated virus to the total amount of biologically active virus produced by the cell, and to investigate the tenacity with which the aggregated virus was bound to the cell surface. Although three cycles of freezing and thawing of infected cells had been used previously to release cellassociated virus (25, 28) , sonication seems to be more efficient than freezing and thawing in releasing and dispersing cell-associated viral aggregates. The amount of virus associated with cells infected with SR-RSV-A does not seem to be unique, since electron microscopy observation has demonstrated similar degrees of cell surface viral aggregation on CEF infected with Bryan (RAV-1) RSV, Fujinami RSV, and RAV-1 (12 The results of the long-term in vitro growth of normal CEF and CEF infected and transformed by SR-RSV-A differ somewhat from previous reports (9, 17) using other conditions for culture of cells where infected cells had a more limited life span than normal cells. By using the optimal culture conditions for normal and infected cell lines employed, we were able to maintain SR-RSV-A-transformed and virus-producing CEF in a state of active cell division for up to 89 days in culture. Normal cells were found to grow best with feeding every second day, probably due to the conditioning eff'ect on the medium of cell growth (21) , whereas daily refeeding of infected cultures may have limited the accumulation of the possible growth inhibitory substances produced by RSV-transformed cells previously described (22) . Also, since RSVtransformed cells grow more rapidly than normal cells and use more glucose than normal cells (2, 14) , the availability of glucose may be a growth limiting factor in cultures transformed by RSV. Therefore, daily feeding of' SR-RSV-Atransformed CEF may provide sufficient glucose for continued cell growth and/or protection against the rapid drop in pH to levels which are not optimal for cell growth caused by the accumulation of lactic acid in RSV-infected cultures. The (29) . Again, lack of cloning ability was associated with cellular transformation and not continual virus production, since RAV-1-inf'ected cells and ts-68-infected cells, incubated at 41 C, cloned with practically the same efficiency as the normal cells from which they were derived. Although it was clearly shown that the poor cloning efficiency was not due to an inability of' the infected cells to attach to plates within 24 h of plating or a failure of a significant number of' the attached cells to initiate division during the first 24 h, we do not know at what point the RSV-transformed cells ceased to divide or die. Though transformed cells attached and began to multiply, it is possible that they might subsequently detach from culture plates due to their fibrinolytic activity, which is produced by a cell factor released by transformed cells interacting with a serum factor (27) .
A striking f'eature of the clones which did develop from CEF infected with SR-RSV-A and ts-68, incubated at 37 C, was their normal cellular morphology, which suggests that reduced efficiency in cloning after RSV-infection is related to properties acquired during transformation by the virus. The fact that this is seen 4 days after infection, when all cells are producing virus as revealed by infectious center assay as well as the demonstration of virus release, eliminates the possibility that these clones are INFECT. IMMUNITY derived from uninfected cells present in the culture.
Trager and Rubin (26) reported the appearance of clones of normal morphology when using cells infected with Bryan-RSV for 3 h, which were composed of 90% normal uninfected cells and 10% infected cells. These normal-appearing clones arose when the multiplicity of infection was low, and cell division occurred before virus multiplication had begun. With a feeder layer of irradiated CEF, the cloning efficiencies varied from 5 to 30% with no difference observed between infected and control cells. In contrast, Prince (18) , with feeder layers of mouse L fibroblasts with CEF infected with Bryan-RSV for 72 h, found that infected cells cloned with a lower efficiency (1.4%) than normal cells (14%) in line with the experiments reported here. The differences in period allowed for infection of cells probably explains the variation in the results obtained in these investigations, since longer exposure to virus insures that almost all cells are infected. This is associated with the decreased cloning efficiency observed by Prince (18) and reported here.
The data show that whereas the SR-RSV-Ainfected and -transformed cells have a comparable culture cell life to normal CEF, their cloning efficiency is reduced. This reduced cloning efficiency is related to the process of transformation of the cell by RSV and is not associated with virus production by the cell.
